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Abstract

A Reassessment of Standard Error of Measurement

Alan C. Klaas
Wayne State University

Current usage and theory of standard error of measurement
calls for one standard error of measurement figure to be used
across all levels of scoring. The study revealed that scoring
variance across scoring levels is not constant. As scoring ability
increases scoring variance decreases.

The assertion that low and high scoring subjects will
correctly guess the same number of unknown questions is incorrect.
Low and high scoring subjects correctly guess the same percentage
of unknown questions. Clearly, low scoring subjects are guessing
at a greater number of unknown questions and, therefore, will
have a larger amount of scoring variance.

Post hoc analysis of response option frequencies and changes
of option lice was undertaken. Low scoring subjects apparently
employ random guessing when answering 'questions where they do not

know the correct answer. High scoring subjects seem to employ
educated guessing when answering questions there they do not know
the correct answer. Item difficulty appeared to be unrelated to
the change from random guessing to educated gue3sing; however,
the large number of omissions by low scoring subjects made the
item difficulty effect difficult to interpret.
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A Reassessment of Standard Error of Measurement

Alan C. Klaas
Wayne State Univ_rsity

Background

The theory of standard error of measurement is part of the
content of many textbooks and courses dealing with tests and
measurement (Ebel, 1972; Helmsteder, 1964). Standard error theory
is used by countless numbers of test publishers and test inter-
preters in relating to people the results of standardized tests
(Henmon-Nelson, 1957; Metropolitan, 1959; Otis-Lennon, 1967).
A standard error figure is often used to construct score bands
or confidence intervals into which the subject's score is said
to fall. The use of such score bands is undertaken so as to
present as accurate as possible a picture to the subject of what
his score means and does not mean.

The use of standard error of measurement by authors of
textbooks, instructors in tests and measurement courses, and
test score interpreters is explored in the present paper.
Specifically examined is the common practice of applying a single
standard error figure, the standard error at the mean, for all
subjects regardless of where those subjects scored. Very ldw
scoring subjects, middle ability subjects, and very high scoring
subjects will have scores explained using the same sized scoring
band or confidence interval.

Standard error of measurement explains the differences in
scoring from one test administration to the next administration
to be the result of random guessing at unknown answers. A subject's
obtained score is said to be made up of two parts: true ability,
which is the number of questions for which the subject knows the
correct answers; and guessing error, which is the numLer of
questions for which the subject does not know the correct answers
but was able to guess correctly. A subject's true score is said
to be made up of two parts: true score, as defined above; and
perfect random guessing, which is correctly guessing the number
of unknown answers equal to the probability of correct guessing
randomly across all options for the item. Standard error of
measurement is based upon the assumption of random guessing across
all options when attempting an item for which the subject does
not know the correct answer (Nunnally, 1967; McNemar, 1969).

Examples of Standard Error. Applications

When an individual takes a test, he attains a certain score
which is based upon the number of questions answered correctly.
If that same person repeats that same test, he will usually get
a different score. If the process is repeated a third time, a
score different from the first two testing sessions will likely
result. Different scores by the same person on the same test
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create a problem to those people who would like to make some
decision on the basis of a test score. A single test adminis-
tration does not yield a perfectly reliable measure.

To account for inconsistent measurement of stable trai,:s,
the theory of standard error of measurement (SEM) has been
developed. Standard error of measurement is used to explain
why a person will score differently on successive attempts at
taking the same test. There are two explanations of the SEM:
the commonly used explanation and the technically accurate
explanation.

The common explanation of SEM begins with a single attained
score. Subject A has a raw score of 60. Perhaps the SEM figure
for that test is 3 raw score points. The interpreter might explain
to subject A that there is a 95% chance that the suLject's true
ability test score is between 54 and 66 raw score points. That
is to say, the true score is somewhere in an interval about the
attained score.

The technically correct explanation of SEM is just the oppo-
site. Technically speaking, the attained scores of many adminis-
trations form an interval about the true score. Suppose subject
B took the test 100 times. He would obtain 100 scores which
would be formed into a frequency distribution with subject 13's

true score said to be the mean of that distribution. Scoring
above the mean is explained as high random success of guessing
at unknown items while scores below the mean would be explained
as low random guessing at unknown items.

In common practice only one SEM figure is calculated for

any test. Textbooks discussing SEM seem to imply, by omission,
that only one SEM figure is necessary to explain inconsistent
measurement. Ppparently the SET is felt to represent an equal
size interval for all levels of test scoring ability. Apparently
random guessing at all item response aptions is also felt to be

equal for all levels of scoring.

The explanation of true score commonly presented is as
follows. Suppose a test contains 100 items with each of the items

being a four option multiple choice question. If subject C has
a true ability of GO items, then he will get at least 60 items
correct. The probability of correctly guessing an unknown item
in a four option question.is .25. Therefore, subject C's true
score would be said to equal the true ability of 60 items correct
plus 40 unknown items times .25 probability of correctly guessing
unknown items (60 + (40 x .25)), or a true score of 70 raw score
points. Variations in attained scores are said to result from
changes in the success of guessing at all options for unknown
questions. Apparently, again by omission, the theory holds that
random guessing at all options on unknown auestions will exist
regardless of scoring ability.

S



3

Methodology

A school ability test (Henmon-Nelson Test of Mental Ability
Form B for grades six through nine) was administered twice to 608
eighth graders from 19 elementary schools in St. Louis, Missouri
and Milwaukee, Wisconsin. The interval between administrations
was three weeks. The subjects were from a wide range of socio-
economic backgrounds, including a wide range of scholastic
ability, and had experienced previous contact with standardized
tests. The a priori data analysis procedure consisted of three
steps. An additional post hoc procedure was added after initial
data analysis.

First, the subjects were divided into groups based upon their
scoring performance on the first administration. Subjects scoring
at about three standard deviations below the mean (-3 SD) form
one group, labeled -3.00. Subjects scoring at about two standard
deviations below the mean (-2 SD) form the second group, labeled
-2.00. The grouping process continued up the score scale to
the final group, which scored at about two standard deviations
above the mean (42 SD) and was labeled +2.00. Thus the groups
were formed based upon their proximity to each cf the six whole
number standard deviations between -3 SD and +2 SD. (The data
had a skewness index of -7.17, indicating a negative skew.
Examination of several papers discussing the effect of the
attained skewness figure leads to the conclusion that the statistic
would not be adversely affected by the observed amount of lack of
normality. However, the presence of the skew would be important
to avoid in future studies of this type.)

Second, a well known result of repeated administrations
of the same test is the phenomenon called practice effect. The
average (mean or median) score of a group from a second adminis-
tration of a test will always be higher than the average score
from the first administration. By subtracting the second
administration score from each subject's first testing score, a
change score is obtained. The change scores formed the data foi
the study.

Third, the statistical analysis contained two parts. The-

variance of the change scores for each of the subgroups was
compared, using Bartlett's Test of Homoscedasticity to test if
the variation of scoring were equal across all levels of scoring.
The second part of the statistical analysis was a simp3e effects
two-tailed t-test for the equality of mean change scores across
all levels of scoring (Glass and Stanley, 1970).

The post hoc analysis consisted of two option response
frequency summaries. The first summary was a bivariate option
frequency response table, listing first testing option selected
across second testing option selected, further grouped by subgroup
for each item. The second summary was a Fimplc option response
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frequency and proportion table, listing first testing, second
testing, and total for both tests, also grouped by subgroup for
each item.

Results

Table 1 presents the variance for each subgroup for the
change scores calculated by subtracting tLe first administration
score from the second administration score. Not only were the
subgroup variances found to be unequal, but the variances resulted
in a definite oattern. The higher subjects scored, the lower was
their variation of scoring from first to second administration.

TABLE 1

Results of Bartlett's Test of Homosceda:iticity for Change
Scores from Test Session One to Test Session Two

Statistic -3 -2

Subgroup

-1 0 +1 +2

Variance 65.59 65.84 46.01 32.15 14.46 7.39

Number 10 34 127 204 173 23

Chi-square = 79.95*

Degrees of Freedom = 5

Significant at .001

Table 2 presents the L- values and the degrees of freedom for
all possible t-test comparisons of the mean change score for each
subgroup. Seven statistically significant differences and eight
non-significant differences were found. The location of the seven
significant differences is not random, but is a definite location.
All statistical analyses involving subgroups above the mean (+1.00
and +2.00) were significant, with the exception of analyses
involving subgroup -3.00, which contained a small n size. The
trend of the mean change scores to decrease as scoring ability
increased seemed to occur in examination of mean change scores.
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TABLE 2

Mean Change Scores and Related t-Values for Test of
Change Scores for Test Session One to Test Session Two

Subgroup

Mean

-3

3.60

-2

4.26

-1

3.88

0

3.48

+1 +2

1.82 0.13

-2.00 t = -0.23
(d.f.) (42)

-1.00 t = -0.12 0.28
(d.f.) (135) (159)

0.00 t = 0.06 0.70 0.58
(d.f.) (212) (236) (329)

+1.00 t = 1.33 2.74* 3.35* 3.29*
(d. f.) (181) (205) (298) (375)

+2.00 t = 1.86 2.35* 2.61* 2.79* 2.05*
(d.f.) (31) (55) (148) (225) (194)

*Significant in two-tailed test at .10

Three items of the 90 items were chosen as examples of
option response selection made by the subjects which were
grouped into subgroups of like scoring ability from within
the post hoc data analysis procedure. Tables 3 and 4 present
the option responding for question 15. The difficulty index
for item 15 was 0.94, an easy item for the entire group of
subjects. Option 3 is the correct response. Examination of
the proportion of times each option was selected (Table 4)
reveals that for the lowest group, -3.00, incorrect responses
were randomly chosen. Subgroups -2.00 and -1.00 seemed to
prefer options 1 and 2 in guessing. Subgroups +1.00 and +2.00
did not miss the item. Even Eor an easy item the low scoring
group was responding randomly. However, middle scoring groups
seemed to have an optioil preference. That is to say, not all
of the options were equally attractive to middle scoring
subjects. Small n size:; of subjects missing the item, however,
dictate some caution in option preference interpretation for
question 15.
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TABLE 3

Subgroup Test Session One and Test Session Two Option Response
Frequency for Question 15 "3, 6, 9, 12, 18, ...., ...., What
two numbers should come next? (5)(1)7(1) 19 (2) 21 and 22
(3) 21 and 24 (4) 15 and 12

Subgroup Second
Test

(n) Response

-3.00 1

2

(10) *3

4

5

Omit

-2.00 1

2

(34) *3

4

5

Omit

-1.00
,

2

(127) *3

4

5

Omit

0.00 1

2

(204) *3

4

5

Omit

+1.00 1

2

(173) *3

4

5

Omit

+2.00 1

2

(23) *3

4

5

Omit

First Test Responses

1 2 *3 4

1 0 0 0 0

0 1 1 0 0

0 1 2 3 0

0 1 0 0 0

0 0 1 0 1

0 0 0 0 0

3 0 1 0 0

0 1 1 0 0

0 1 23 0 0

0 1 2 0 0

0 0 1 0 0

0 0 0 0 0

0 0 3 C 0

1 0 3 0 1

1 5 109 0 1

0 1 2 0 0

0 0 0 0 0

0 0 0 0 0

1 1 0 0 0

0 1 1 0 0

1 6 187 2 0

0 0 3 1 0

0 0 0 0 C

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 1 170 0 0

0 0 1 0 0

0 0 0 0 0

0 0 1 0 0

0 0 0 0 0

0 0 0 0 0

0 0 22 0 0

0 0 1 0 0

0 0 0 0 0

0 0 0 0 0

*Correct response

emit

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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TABLE 4

Option Response Summary

..

for Question 15

Sub- Test Frequency Response Options
group
(n) Session Proportion 1 2 *3 4 5 Omit

-3.00 First f 1 3 4 1 1 0

P .10 .30 .40 .10 .10 .00
(10) Second f 1 2 4 1 2 0

P .10 .20 .40 .10 .20 .00
otal f 2 5 8 2 3 0

P .10 .25 .40 .10 .15 .00

-2.00 First f 3 3 28 0 0 0

P .09 .09 .82 .00 .00 .00
(34) Second f 4 2 24 3 1 0

P .12 -, 06 .71 .09 .03 .00
Total f 7 5 52 3 1 0

P .10 .07 .76 .04 .01 .00

-1.00 First f 2 6 117 0 2 0

P .02 .04 .92 .00 .02 .00
(127) Second f 3 5 116 3 0 0

Total
P
f

.02
..

.04
11

.91
233

.02
3

.00
2

.00
0

P .02 .04 .92 .01 .01 .00

0.00 First f 2 8 191 3 0 0

P .01 .04 .94 .
rJ 1. .00 .00

(204) Second f 2 2 196 4 0 0

P .01 .01 .96 .02 .00 .00
Total f 4 10 387 7 0 0

P .01 .02 .95 .02 .00 .00

+1.00 First f 0 1 172 0 0 0

P .00 .01 .99 .00 .00 .00

(173) Second f 0 0 171 1 0 1

P .00 .00 .98 .01 .00 .01
Total f 0 1 343 1 0 1

P .00 .00 .99 .00 .00 .00

+2.00 First f C 0 23 0 0 0

P .00 .00 1.00 .00 .00 .00

(23) Second f 0 0 22 1 0 0

P .00 .00 .96 .04 .00 .00

Total f 0 0 45 1 0 0

P .00 .00 .98 .02 .00 .00

*
Correct Response

10
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Tables 5 and 6 present the option responding for question 60.
The difficulty index for item 60 was 0.70, with option 3 being
correct. Subgroup -3.00 subjects who answered the question
incorrectly seemed to prefer option 5. However, the proportion
of people in the -3.00 subgroup who omitted the item is very large,
causing interpretation to be quite difficult. Subgroups -2.00 and
-1.00 seemed to prefer incorrect options 1, 2, and 4. Subgroup
0.00 had an equal proportion choosing options 4 and 5, but had
larger proportions preferring options 1 and 2. Subgroups above
the mean, +1.00 and +2.00, seemed to have strong tendency to choose
options 1 and 2. The summary of item 60 is that subjects scoring
below the mean who were incorrect in responding seemed to be
responding randomly. Subjects scoring above the mean who incorrectly
marked the options seemed to have a strong tendency to select
options 1 and 2.

Tables 7 and 8 present the option responding for question
85. The difficulty index for item 85 was 0.11,indicating a very
hard item. Option 5 was the correct response. Interpretation of
option selection tendencies for groups scoring below the mean is
hampered because of the large number of omissions. Option selection
for subgroups below the mean was felt to be random with a slight
preference for option 2. The preference for option 2 was stronger
in the 0.00 group with responses for the remaining option appearing
to be random. The subgroups above the mean had a marked tendency
to select options 2 and 5. The summary of item 85 is that low
scoring subjects seemed to be selecting options randomly, and
that high scoring subjects seemed to prefer two particular options.

Conclusions

Two conclusions have been drawn from the results. The first
conclusion is that scoring error is not consistent across all
levels of scoring. To calculate and use one SEM figure for all
levels of scoring seems to be an incorrect procedure. The noted
negative skew in the data creates caution before contending that
the observed inverse relationship between score level and change
score variance will necessarily always hold true. The study needs
to be replicated several times in a test-retest setting. Pn
interesting theoretical observation, has suggested itself by the
observed findings.

Standard error of measurement is usually explained in terms of
a subject's random fluctuations in ability to correctly guess the

answers to questions for which he has no knowledge. Some days the
subject has a good day guessing and some days he has a bad day
guessing. The current usage of standard error of measurement
maintains that the number of unknown questions which a low scoring
subject can correct1TTIFss is equal to the number of unknown
questions which a high scoring subject can correctly guess. The
size of the score band or confidence interval in raw score points
is uniform.
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TABLE 5

Subgroup Test Session One and Test Session Two Option Response
Frequency for Question 60 "The daughter of my uncle has a son.
My father is her son's .... (1) cousin (2) grandfather
(3) great-uncle (4) great grandfather (5) brother"

Second First Test ResponsesSubgroup

(n)

Test
Response 1 2 *3 4 5 J Omit

-3.00 1 0 0 0 0 0 0

2 0 0 0 0 0 0

(10) *3 1 0 1 0 0 0

4 0 0 0 0 0 0

5 1 1 1 1 0 2

Omit 0 0 0 0 0 2

-2.00 1 1 2 2 0 0 0

2 0 2 1 0 0 2

(34) *3 3 2 6 2 0 0

4 0 3 3 0 0 0

5 0 1 0 1 0 0

Omit 0 0 0 0 0 3

-1.00 1 4 1 3 0 4 0

2 4 4 1 3 1 6

(127) *3 6 12 44 5 0 2

4 5 2 8 3 0 0

5 0 0 3 0 0 0

Omit 0 0 2 1 0 3

0.00 1 4 1 10 1 0 0

2 1 3 5 2 1 0

(204) *3 10 11 125 4 3 0

4 1 3 4 1 1 0

5 3 0 4 3 3 0

Omit 0 0 0 0 0 0

+1.00 1 4 0 7 0 0 0

2 1 0 3 0 0 0

(173) *3 4 6 139 1 1 1

4 0 1 2 0 0 0

5 0 0 3 0 0 0

Omit 0 0 0 0 0 0

+2.00 1 0 0 1 0 0 0

2 0 1 1 0 0 0

(23) *3 0 0 19 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Omit 0 0 1 0 0 0

*
Correct Response

12



Option Response Summary for Question 60

10

Sub- Test Frequency Response Options
group

(n) Session Proportion 1 2 *3 4 5 Omit

-3.00 First f 2 1 2 0 4

P .20 .10 .20 ) .00 .40
(10) Second f 0 0 2 0 6 2

P .00 .00 .20 .00 .60 .20
Total f 2 1 4 1 6 6

P .10 .05 .20 .05 .30 .30

-2.00 First f 4 10 12 3 0 5

P .12 .29 .18 .09 .00 .15

(34) Second f 5 5 13 6 2 3

P .15 .15 .3C .18 .06 .09

Total f 9 15 25 9 , 2 8

P .13 .22 .27 .13 .03 .12

-1.00 First f 19 19 61 12 5 11

P .13 .15 .48 .09 .04 .09

(127) Second f 12 19 69 18. 3 ., 6

P .09 .15 .54 .14 .02 .04

Total f 31 33 130 30 8 17

P .12 .15 .51 .12 .03 .07

0.00 First f 19 18 148 11 8 0

P .09 .09 .73 .05 .04 .00

Second f 16 12 153 10 13 0

P .08 .06 .75 .05 .06 .00

Total f 3c' 30 301 21 21 0

P .08 .07 .7/ .05 ;05 .00

+1.00 First f 9 'j 15,1 1 1
1
.,

p .n, .04 .R9 .01 .01 .01

Second f L 11 4 152 3 3 0

P .06 .02 .88 .02 .02 .00

Total f 20 11 306 4 4 1

P .06 .03 .88 .02 .01 .00

+2.00 First f 0 1 22 0 0 0

P .00 .04 .96 .00 .00 .00
Second f 1 2 19 0 0 1

P .G4 .09 .83 .00 .00 .04

Total f 1 3 41 0 0 1

P .02 .07 .89 .00 .00 .02

*Correct Response

13
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TABLE 7

Subgroup Test Session One and Test Session Two Option Response
Frequency for Question 85 "Circle is to ellipse as square is
(1) oval (2) cube (3) curve (4) circle (5) diamond"

Subgroup Second
Test

First Test responses

(n) Response 1 2 3 4 *5 Cmit

-3.00 1 0 1 0 1 0 0

2 0 0 1 0 0 0

(10) 3 , 0 0 0 0 0 2

4 0 0 0 0 0 0

*5 1 0 C 1 0 0

Omit 0 0 0 0 0 3

-2.00 1 0 0 1 0 0 0

2 0 1 2 0 0 2

(34) 3 0 2 1 0 1 4

4 0 0 0 0 2 5
*5 0 0 -A 1 0 1

Omit 0 0 1 1 0 7

-1.00 1 2 3 0 1 1 e
2 0 18 5 0 0 16

(127) 3 , 1 7 2 0 1 9

4 0 0 2 0 2 4

*5 0 3 1 2 0 2

Omit 1 1
1
, 0 0 34

0.00 1 1 6 4
-,, 2 3

2 2 60 3 5 3C

(204) 3 1 11 :: 2 2 9

4 1 1 J 1 1 1

Icr: 2 7 1 0 6 10
Omit 0 1 0 0 1 13

+1.00 1 2 1 0 0 1 2

2 8 72 6 -A 10 7

(173) 3 2 3 0 1 2 0

4 1 1 P 0 1 2
*5

3 23 1 0 15 4

Omit 0 0 0 0 0 2

+2.00 1 0 0 0 0 0 0

2 0 8 0 0 0 1

(23) 3 0 0 0 0 0 0

4 0 0 0 0 0 0
*5 0 C 0 C 7 1

Omit 0 0 0 0 0 0

*
Correct Response

14
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Option

TABLE 8

Response Summary for Question 85

Sub-
group

(n)

Test

Session

Frequency

Proportion 1 2

Response Options

3 4 *5 Orit

-3.00 First f 1 1 1 2 0 5

P .10 .10 .10 .20 .00 .50

(10) Second f 2 1 2 0 2 4 3

P .20 .10 .20 .00 .20 .30

Total f 3 , 2 3 2 2 8

P .15 .10 .15 .10 .10 .40

-2.00 First f 0 3 7 2 3 19

P 00 .09 .21 .0E .09 .56

(34) Second f 1 4 8 7 5 , 9

P .03 .12 .24 .21 .15 .26

Total f 1 7 15 9 8 28

P .02 .10 .22 .13 .12 .41

-1.00 First f 4 32 11 3 4 73

P .03 .25 .09 .02 .03 .57

(127) Second f 15 39 2C 8 8 37

P .12 .31 .l( .06 .06 .29

Total f 19 71 31 11 12 110

P .07 .28 .12 .04 .05 .43

0.00 First f 7 8E. 14 2 17 72

P .03 .42 .07 .04 .08 .25

(204) Second f 18 ill 2E E 26 15

P .09 .54 .14 .03 .13 .07

Total f 25 197 42 14 43 87

P .06 .48 .10 .03 .11 .21

+1.00 First f 16 100 7 4 29 17

P .09 .58 .04 .32 .17 .10

(173) Second f 6 106 8 5 46 2

P .0-' .61 .05 .03 .27 .01

Total f 22 206 15 9 75 19

P .06 .60 .04 .03 .22 .05

+2.00 First f 0 14 0 0 7 2

P .00 .61 .00 .00 .30 .09

(23) Second f 0 9 3 ,, 0 14 0

P .00 .39 .00 .00 .61 .00

Total f 0 23 0 0 21 2

P .00 .50 .00 .00 .46 .02

*Correct Response

15
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Such a usage seers theoretically incorrect. It is not the
number of correctly guessed unknown questions which is the sane,
but the percentage or correctly guessed unknown questions which is
the same. Both low and high scorers have an equal probability of
correctly guessing at unknown questions. however, the low scoring
subject is guessing at many more unknown questions than a high
scoring subject. Consequently, the low scoring subject would have
greater chance for a wider variability in error of measurement than
would the high scoring subject.

The second conclusion further complicates any discussion of
SEM intervals. The post hoc analysis of option selection was
complicated by small sample sizes in the lowest subgroup (-3.00)
and by large response omissions through the middle range cD. scoring.
The tendency of high scoring subjects to choose between two options
was very pronounced. The results suggeste the following statement:
as scoring ability increases the process of' chcosing options when
the item is not known appears to change from the random guessing
theory (SEM) to an educated guessing theory. Figure 1 illustrates
that while low scoring subjects seem to be responding randomly, high
scoring subjects seem to choose most likely responses. Perhaps
high scoring subjects are able to eliminate sore options as being
obviously wrong and then randomly choose frog the remaining most
likely options. Eliminating some options implies that high scorers
seem to have some knowledge of the question, but not enough to
answer correctly. Possessing partial knowledge and then guessing
among the remaining choices is defined as educated guessing.

Test

Scoring

Ability

High

Low

t

Random
Guessing
Theory
(SEM)

T---
Educated
Guessing
Theory

Figure 1 Illustration of relationship Between Test Scoring Ability
and Thecretical Interpretation of Guessing at Unknown
Test Items.

16
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The above conclusions need much further wrrk with test-retest
data. They are offered in hopes of stimulating such further study
of an often taken-for-granted theory stareard ern or of mcasureme,It.

17
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